Mammalian chitinases belong to the glycosyl hydrolase 18 family based on structural homology and the family includes a large number of bacterial and eukaryotic chitinases. Among the mammalian chitinases, chitotriosidase (CHIT1) and acidic mammalian chitinase (AMCase) are capable of hydrolyzing the -(1, 4)-linkage between the adjacent N-acetyl glucosamine residues of chitin. CHIT1 is one of the most abundantly secreted proteins, being mainly produced by activated macrophages and epithelial cells. CHIT1 plays a pivotal role in the context of infectious disease including malaria and fungi infections as a host defense towards chitin in pathogen's cell structure and as a diagnostic marker of disease. In contrast, CHI1 released by activated Kupffer cells in liver could induce hepatic fibrosis and cirrhosis. Increased serum levels of CHIT1 were observed in patients with many disorders, including Gaucher's disease, bronchial asthma, and atherosclerosis. Therefore, CHIT1 seems to have dual (regulatory and pathogenic) roles depending on the disease and producing cell types during the inflammatory conditions.
INTRODUCTION
Chitinase in man was initially detected by its capability to hydrolyze chitotrioside substrates and was named chitotriosidase [1] . Chitotriosidase (CHIT1 or chitinase-1) is mainly produced by activated macrophages both in normal and inflammatory conditions [1, 2] . CHIT1 activity is significantly increased in plasma and tissues of patients with Gaucher's disease, a genetic disorder in which lipids accumulate in macrophages of certain organs including spleen, lungs, liver, kidneys, brain and bone marrow, as compared to normal individuals [3] . Therefore, the serum levels of CHIT1 have been used as a valuable diagnostic biomarker for monitoring the therapeutic efficacy of treatments for Gaucher's disease or -glucocerebrosidase deficiency [1] .
The CHIT1 gene is localized in the chromosome 1q31-q32 [4] , and is composed of 12 exons spanning about 20 kb of genomic DNA [5] . A recessive inherited mutation of CHIT1 gene, which consists of 24-bp duplication in exon 10 that subsequently activates a cryptic 39-splice site in the same exon, generates a spliced form of mRNA [2] . The spliced mRNA encodes an enzymatically inactive CHIT1 protein that completely lacks the 29 amino acids in an internal stretch and this particular mutation is the predominant cause of CHIT1 deficiency [6] . Of note, the individuals bearing the mutant allele exhibit an increased susceptibility to chitin-containing pathogens including Wuchereria bancrofti filaria, Plasmodium falciparum malaria, Cryptococcus neoformans and Candida albicans [7] [8] [9] [10] . These results strongly suggest that CHIT1 is a very critical enzyme to regulate the susceptibility to infection with the above organisms, which include chitin-as structural components.
It has been reported that CHIT1 is involved in the modulation of the tissue remodeling processes in fibroblastic hepatic tissue [11] . CHIT1 is actively produced by activated Kupffer cells, resident macrophages of the liver, which activate hepatic stellate cells to synthesize collagen, and the overproduction of collagen subsequently induces hepatic fibrosis and liver cirrhosis [2] . In addition, the CHIT1 produced by macrophages enhances atherosclerotic plaques formation and subsequent thrombosis [12, 13] . In contrast, our group discovered that the production of CHIT1, which we also found to be produced by colonic epithelial cells, is markedly down regulated during the active phase of inflammatory bowel disease such as ulcerative colitis (Fig. 1) . Therefore, CHIT1 may have organ-as well as cellspecific effects in the context of infectious diseases and inflammatory disorders.
Definition/Classification of Chitinases (Glycohydrolase 18 Family)
Chitin, one of the most abundant biopolymers in nature, is an essential structural component of arthropods; including crustaceans, insects, mollusks, nematodes and worms, but mammals do not possess chitin as a structural component [14, 15] . It is a linear (1 4) linked polymer of N-acetyl-D-glucosamine units. Chitinases are a family of proteins that specifically bind and degrade chitin, and are highly evolutionarily conserved. Mammalian chitinases belong to the family of glycoside hydrolase 18, which also encompasses enzymatically inactive chitinases ( Table 1 ) [16] [17] [18] . Enzymatically active mammalian chitinases cleave chitin polymers into oligosaccharides of varying sizes (endochitinase activity) and release glucosamine monosaccharides from the end of a chitin polymer (exochitinase activity) [19] . Chitinases function in both innate and adaptive immunity and are necessary for the following three different functions: Chitinases are expressed in certain organisms during development to aid in the remodeling of their biological matrices to accommodate changes in body size and shape. Secondly, chitinases help some organisms digest chitin containing food. Chitinases are also expressed in mammals, including humans and mice, that are prone to cause some reactions with chitin-containing pathogens (e.g. house dust mites, fungi, parasites) to degrade the chitin protective covering on the infectious microorganisms. This way the inner core of chitin is susceptible to attacks by chitinases that ultimately lead to death and expulsion from the body of the chitin-containing organisms [20, 21] .
Mammalian Chitinases and Chitinase-Like Proteins (CLPs)
Although chitin is not expressed in mammals, chitinases are still produced in order to protect mammals from exogenous pathogens, which contain chitin as their structure [1, 22] . Mammalian chitinases are divided into chitinases and chitinase-like proteins depending on their enzymatic activity. The true chitinases include acidic mammalian chitinase (AMCase) and CHIT1, which was the first mammalian chitinase discovered and studied. The chitinaselike proteins include chitinase 3-like 2 (YKL39) and chitinase 3-like 1 (YKL40), among others (Table 1) [17, 18] . The structure of chitinases is such that N-terminal catalytic domain of the glycohydrolase 18 family of proteins adopts the triose-phosphate isomerase fold, which is characterized by the ( / ) barrel structure. In this barrel, the 4 strand contains a conserved sequence of motif (DXXDXDXE), where D is aspartic acid, E is glutamic acid, and X is any amino acid. This forms the active site of the enzyme, with glutamic acid being the key residue that donates the proton that is required for hydrolyzing the (1 4) glycosidic bond in chitin. In contrast, this necessary glutamic acid has been substituted by leucine (in case of CHI3L1), isoleucine, or glutamine (in case of CHI3L2 or eosinophil chemotactic factor) and this accounts for the lack of chitinolytic activity [23] . However, these proteins without the enzymatic activity are still capable of binding to chitin with high affinity, as the conserved chitin-binding aromatic residues on triose-phosphate isomerase barrel remains intact [24, 25] .
Human mammalian chitinase family members are located on the chromosome adjacent to the major histocompatibility complex paralogue on genes, implying a role for chitinases in innate and adaptive immunity, as stated previously [17] . While the enzymatically active chitinases, including AMCase and CHIT1, are able to degrade chitin and actively participate in destroying pathogens, CLPs also have an important biological role by binding chitin with a high affinity [26, 27] . They may function in the recognition of pathogen-associated molecular patterns encoded in chitin, thereby signaling to the host immune system to mount an appropriate pathogen directed attack. In addition, in case of CHI3L1, it significantly enhances the adhesion and invasion of potentially pathogenic bacteria on/into colonic epithelial cells, presumably by interacting with chitin/chitin-binding protein complex expressed on the bacteria [28, 29] .
While CHIT1 is made most actively in macrophages and neutrophils, AMCase is made most actively in macrophages and epithelial cells, being especially active in the lungs [30, 31] . It has been reported that the productions of chitinases and CLPs are upregulated in Type 2 helper T cell (Th2) related inflammation (e.g., bronchial asthma, rhinitis, allergen-induced inflammation) [31] . CHIT1 has been shown to be a marker for Gaucher's disease, atherosclerosis, nonalcoholic fatty liver disease, and juvenile idiopathic arthritis, among others [32] [33] [34] . CHI3L1 is mainly upregulated in inflammatory bowel disease, liver fibrosis, rheumatoid arthritis, and cancers. All of this indicates that chitinases and CLPs are upregulated highly under acute and/or chronic inflammatory conditions [35, 36] .
Biological Roles of CHIT1 in Normal Conditions
CHIT1 is the first mammalian chitinase to be discovered and characterized [37] . It is an enzymatically active chitinase that shows transglycosylation activity toward chitin [38] . It is the major chitinase measured in both healthy and disease states [39] . CHIT1 is produced, stored, and secreted by macrophages and neutrophils, which play the prime roles in innate immune responses, suggesting an active role in maintaining the homeostasis in innate immune system [20] . However, the exact mechanism of function has not been fully defined yet [21] . As mentioned above, CHIT1 is one of the most abundant proteins produced by activated and differentiated macrophages; the production of CHIT1 is positively associated with the activation status of macrophage linage [40] . Since the peripheral (e.g. serum, tissue) macrophages are highly active during the development of acute/chronic inflammatory conditions, the enzymatic activity of CHIT1 has been increased in those abnormal conditions [1, 22] . CHIT1 plays a pivotal role in the defense against chitin-containing human pathogens, including fungi and insects [41] . Interestingly, CHIT1 deficiency and carrier frequency occur in 6% and 30-40% of the general population due to mutations, respectively [48, 61] . Recombinant CHIT1 inhibits hyphal growth of fungi, suggesting a physiological role in the host defense mechanism against the invasion/attack of chitin-containing pathogens [20, 41] . There has recently been evidence that the enzymatic role of CHIT1 extends to bacteria [9] . In addition, research shows that humans deficient in chitotriosidase activity have an increased rate of microfilarial infection because of suppressed chitinolytic activity that allows the pathogen to reproduce in the host [7] .
Chitotriosidase is synthesized as a 50 kD protein containing a 39 kD N-terminal triose phosphate isomerase (TIM) barrel structure containing the catalytic groove and a C-terminal chitin-binding domain connected by a short hinge region [5] . The 39 kD catalytic region resembles the catalytic regions found in chitinases of lower organisms [42, 43] . This enzyme is predominantly secreted after cleavage as the 50 kD form. However the 39 kD form, which also has chitinolytic activity, accumulates in lysosomes of the secreting cells including macrophages and neutrophils. The 39 kD form of chitotriosidase is predominantly found in the tissues, while the 50 kD form is found secreted in the bloodstream [40] . The CHIT1 gene, highly conserved throughout evolution, encompasses 12 exons, spanning around 20 exons and encoding multiple splice forms. This gene has variations that significantly affect its glycohydrolase enzymatic activity [39] . Evidence shows that this gene is regulated by protein tyrosine kinase (PTK), phospho inositide-3 -kinase (PI3K), and mitogen-activated protein kinases (MAPK) signaling transduction components, giving evidence that there are different signaling pathways activated that have a cumulative effect on regulating the expression and activity of chitotriosidase [38] .
Biological Roles of CHIT1 in Pathogenic Conditions

Gaucher's Disease
Gaucher's disease is a form of sphingolipidosis which results in liver and spleen enlargements and severe bone complications [44] . It is the most common lysosomal storage disease caused by a lack of the enzyme glucocerebrosidase (also known as acid -glucosidase), due to autosomal recessive inheritance [3, 45] . Lysosomal hydrolase is the enzyme that is responsible for the breakdown of glucocerebroside, which is an important component of cell membranes. Gaucher's disease is classified into three types based on central nervous system symptoms. Type I Type II, and Type III show non-neuropathic, neuronopathic/acute, and neuropathic/chronic symptoms, respectively. Among the three types of symptoms, Type I is the most prevalent one. Generally, Gaucher's disease is diagnosed by measurement of -glucosidase activity in leukocytes and fibroblasts or in chorionic villi and cultured amniocytes (lamb cells) for prenatal diagnosis [46] [47] [48] [49] . A genetic test for a defect in the -Gaucher's disease gene is confirmatory of this disease [50] .
This disease is characterized by glucocerebroside laden macrophages, known as Gaucher cells, which are surrounded by inflammatory phagocytes [44] . The storage of glucocerebroside results in proinflammatory activation of macrophages, with consecutive ballooning, decreased phagocytic activity, and destruction of viscera (e.g. spleen, liver, kidneys, lungs, brain, bone, and bone marrow). Gaucher cells secrete biomarkers into the blood that are valuable in diagnosing Gaucher's disease, clinical severity assessment, and monitoring the efficacy of enzyme replacement therapy [51, 52] . CHIT1 has been included as one of the secreted biomarkers for Gaucher's disease [53] . The elevation of CHIT1 in these patients may reflect a particular state of activation of macrophages, which subsequently leads to an excessive production of CHIT1 [54, 55] . In a healthy population, CHIT1 activity is very low and originates in the circulating polymorphonuclear cells. In patients with Gaucher's disease, the activity of this enzyme is elevated 10 -1000 fold in blood [1, 2, [56] [57] [58] [59] [60] . However, CHIT1 deficiency and carrier frequency occur in 6% and 30-40% of the general population due to mutations, respectively [48, 61] . This is also a good parameter for monitoring the enzyme replacement therapy (ERT) in Gaucher's disease. The decrease in CHIT1 activity after ERT may cause an alteration in tissue macrophage activation rather than a reduction of Gaucher cells in this disease. CHIT1 activity has the sharpest decline during the first year of ERT. In general, ERT had the highest efficacy during the first six months and after the first year, during which CHIT1 had the highest reduction in its enzymatic activity. This suggests that the rapid initial reduction in CHIT1 activity during ERT may be due to the alteration of either activation or differentiation of macrophages and their precursors, rather than a decrease in Gaucher cell burden [62, 63] . The serum levels of CHIT1 activity generally reach a plateau approximately two years after starting ERT. However, the serum levels of CHIT1 were still 10 times normal levels, even after 5 years of ERT [64] . The persistent high levels of CHIT1 could indicate that ERT is unable to treat and exclude some Gaucher cells in affected regions. In addition, after ERT cessation, macrophages became laden with glucocerebrosides again, indicating increased synthesis of CHIT1 and recurrence of Gaucher's disease. It is still unclear the association between the molecular mechanisms of macrophage activation/ infiltration and CHIT1 activity during the course of Gaucher's disease development [64] .
Niemann-Pick Disease
Another lysosomal strorage disease, Niemann-Pick Disease (NPD) is inherited in an autosomal recessive pattern, and can be divided into type C1 (NPC1) and type C2 (NPC2) based on the genetic mutations in NPC1-or NPC2-gene. NPC1 gene encodes a 1278 amino acid glycoprotein with 13 transmembrane domains, and over 130 mutations have been identified in this gene. NPC1 is mainly involved in lipid trafficking in lysosomes, but its exact function is still largely unknown [65] . Loss of function in this gene leads to an accumulation of a broad range of lipids, including sphingomyelin, cholesterol, glycosphingolipids, and sphingosine. The loss of function in this gene results in the deficiency of exiting lipoprotein-derived cholesterol from lysosomes [65] . This particular alteration in cholesterol and glycolipid homeostasis leads to multiple and characteristic symptoms that include hepatosplenomegaly, liver dysfunction, and neurological abnormalities (e.g. progressive ataxia), cognitive decline, dystonia, cataplexy, vertical supranuclear gaze palsy, seizures, and impairment of swallowing reflexes [66] , which originates from an abnormal intracellular accumulation of lipids, predominantly un-esterified cholesterol, in peripheral tissues. In the central nervous system, the accumulation of glycosphingolipids is proportionately more significant and play key roles in the pathogenesis associated with the disease. Sphingosine is the primary accumulating lipid in NP type C.
Glycosphingolipids, in particular, glucocerebroside, will accumulate in cells deficient in NPC1. There is an accumulation of glucocerebroside in the endosomallysosomal pathway. One therapy that has been designed for NP Disorders is N-butyldeoxynojrimycin (NB-DNJ) or misglustat, an inhibitor of glucocerebroside. The inhibitor stops the specific lipids from accumulating to pathological levels in the patients with NP, and delays the onset of the disease, reverses manifestations, and prolongs survival [66] . Niemann-Pick Disease is also characterized by foam cells, known as Niemann-Pick cells, because of their foamy or soapsuds appearance. These cells actively secrete CHIT1 into the circulation [67] .
Same as Gaucher's disease, the serum levels of CHIT1 are highly elevated in NPD. CHIT1 activity above >4000 nmol/h per mL are predictive of NPD. The CHIT1 activity does not overlap but is distinct between patients and controls, which increases its ability to act as a therapeutic monitoring tool. The elevated CHIT1 activity can be explained by the increased tissue macrophage infiltration, which could have contributed to the increased, but variable, CHIT1 levels, depending on severity of infiltration [68] in this disease. However, its use a disease marker is limited by the fact that about 5% of NPD patients are homozygous for a common 24-base mutation and have no CHIT1 activity as a result [67] .
Infectious Disease
Malaria is an example of an infectious disease in which CHIT1 levels are elevated [69] . A characteristic clinical feature in patients infected by Plasmodium falciparum is anemia, which is related to red blood cell destruction, phagocytosis, and hypersplenism [70, 71] . The red blood cell destruction triggers CHIT1 overproduction by macrophages, due to the accumulation of iron and erythrocyte membrane degradation products within those cells. The plasma levels of CHIT1 were found to be positively associated with the hematological parameters including thrombocytopenia degree and serum ferritin levels [69, 72] . This result strongly suggests that the increased plasma CHIT1 levels in malaria reflect an activation of the reticulo-endothelial system. The mechanisms of activation of CHIT1 in malaria seem to be the same as those in patients with Gaucher's disease [2] .
Diabetes Mellitus
Type 2 Diabetes Mellitus (DM), which occupies the 90-95% of all cases of diabetes worldwide, is the leading cause of cardiovascular morbidity and mortality worldwide [73] . DM is characterized by hyperglycemia due to a combination of insulin resistance and inadequate compensatory insulin secretion. Chronic hyperglycemia is associated with longterm structural damage, dysfunction, and failure in several organs and tissues, which lead to the development of chronic and multiple complications in the affected organs. These complications are often characterized as the ischemic change of microvascular, which include retinopathy, nephropathy, and/or neuropathy. There are genetic factors that play an important role in the development of type 2 DM and the genetic susceptibilities make it more likely that when exposed to certain environmental factors including chemicals, diet, and infection, type 2 DM will develop [74] . Serum CHIT1 activity is increased in patients with newly diagnosed, untreated, and uncomplicated type 2 DM. This elevation is positively associated with the age, plasma glucose, and asymmetric dimethylarginine (ADMA) levels of those patients [76] . ADMA is naturally occurring component of human blood plasma as an analogue of Larginine, and is formed as a metabolic byproduct of protein turnover in any cell types of the human body [75] . Elevated levels of ADMA inhibit nitric oxide synthesis and impair endothelial function; these levels are increased in patients with DM [75] . The correlation between elevated CHIT1 and ADMA levels could be a sharp biomarker of predicting endothelial dysfunction, which contributes to progression of atherosclerotic lesions, in type 2 DM patients [76] .
Sarcoidosis
Sarcoidosis is a multisystemic, noncaseating granulomatous disease of unknown origin characterized by the accumulation of activated proliferating T cells and mononuclear phagocytes in the affected resulting in granuloma formation [77] . The most commonly affected areas are the lungs, including hilar and mediastinal lymph nodes, but the disease can also extend to eyes, skin, liver, peripheral lymph nodes, kidneys, joints, muscles, and the central nervous system. It is thought that these granulomatous formations represent a deficiency in cellular immune processing after exposure to a chemical or infectious agent [78] . Generally, it has a good prognosis, although some patients may develop progressive interstitial lung disease leading to end stage fibrosis [79] .
Most patients with active sarcoidosis have highly increased activity of CHIT1 in serum and bronchoalveolar lavage. Levels are significantly higher in the advanced stages (stages 3 and 4) of sarcoidosis than those of early stages (stages 0 and 1) [80] . The spread of the disease to organs other than the lungs appears to be reflected by higher serum levels of CHIT1. However, treatment with corticosteroids and remission of disease causes a decrease in the CHIT1 activity in the majority of patients [81] . CHIT1 is selectively expressed and released by human polymorphonuclear leukocytes, including macrophages after specifically stimulated with granulocyte macrophage colony stimulating factors (GM-CSF) [10] . The role of CHIT1 in the innate immune system is likely to be defense against chitin containing organisms, such as insects and fungi. The higher activity of CHIT1 among subjects with sarcoidosis could reflect a specific reaction to chitin, a major component of fungi [67] . It has been suggested that fungi may be the causative agent in sarcoidosis [82, 83] . However, some patients with sarcoidosis had low values of CHIT1 in the range of the controls, which could reflect the presence of an inherited CHIT1 deficiency in these individuals [6] . In summary, CHIT1 seems to be not an ideal biomarker of sarcoidosis due to the fact that the higher levels of CHIT1 overlap with many other diseases, including fibrosis, asbestosis and other diseases involving macrophage activation, and is only useful if the patient's serum values of CHIT1 are much higher [84] .
Atherosclerosis
Atherosclerosis is an inflammatory disease that is characterized by progressive deposition of lipids and fibrous matrix in the arterial wall. The initiation of atherosclerosis involves activation of endothelial cells, which facilitates monocyte infiltration of the vessel wall. After monocytes are differentiated into macrophages, these cells accumulate lipids from the circulation, remain in the vessel wall, and become lipid-laden foam cells. These special types of macrophages are activated by growth factors and cytokines secreted by activated endothelial cells as well as macrophages. The activated macrophages inside the atherosclerotic lesion play a central role in atherosclerosis and the formation of foam cells from macrophages represents a landmark for atherosclerosis. In general, chronic arterial disease has two life-threatening complications, myocardial and cerebral infarction. The long-lasting process of atherogenesis involves important modifications in the cellular and extracellular matrix and lipid components of the arterial wall, resulting in intimal thickening, vessel lumen narrowing, and increased susceptibility to thrombosis [85, 86] . The development of foam cells is mainly attributed to overloading of lipids, particularly cholesterol and cholesterol ester, into the cells through a scavenger-receptor mediated process [87] , and therefore lipid laden foam cells represents a landmark of atherosclerosis. Lipid accumulation promotes the expression of genes in the macrophage that influence the inflammatory process that occurs in atherogenesis [12] .
In patients with atherosclerosis, serum levels of CHIT1 are elevated up to 55 fold as compared to normal individuals, and there is a clear association between CHIT1 expression and lipid-laden macrophages inside human atherosclerotic vessel walls [88] . Serum CHIT1 activity was shown to be related to the severity of the atherosclerotic lesions, suggesting a possible role as a marker of atherosclerotic extension. High serum CHIT1 activity in patients with atherosclerosis demonstrates the presence of activated macrophages in these subjects. Both patients with atherothrombotic stroke (ATS) and ischemic heart disease (IHD) were reported having significantly higher CHIT1 activities than the healthy control individuals did. Of note, the ATS subjects had higher CHIT1 activity than IHD subjects, indicating that subjects with ATS had an extended atherosclerotic process than those with IHD whose process is localized/restricted to the coronary vessels [89] . In those patients who were homozygous for the defective allele, a 24-bp duplication in exon 10 resulting in a splicing modification and generation of an mRNA with an in-frame deletion of 87 nucleotides, the CHIT1 activity was undetectable. The increase in CHIT1 activity was significantly higher in homozygous subjects for the major allele than in heterozygous subjects for the defective allele [90] . The increase in serum CHIT1 activity was also found to be age dependent. This can be explained by the age dependent accumulation of lipid-filled macrophages during the progression of atherosclerosis [75] . Macrophage accumulation localized in the supra aortic and coronary vessels is associated with increased serum CHIT1 activity, which reflects the state of activation of macrophages [91] . Since macrophages are present in all phases of atherosclerosis and increase the number and activity depending on the severity of those phases, CHIT1 activity in macrophages has been accepted as one of the biomarkers for atherosclerotic plaque formation [92] . The average CHIT1 activity in serum remained constant after 6 months of cholesterol and triglyceride-lowering treatment with either atorvastatin or bezfibrte, suggesting that low-density lipoprotein (LDL)-cholesterol and triglyceride reduction obtained with both drugs did not modify the macrophage CHIT1 expression/ activity in these subjects. The plasma lipid correction does not seem to interfere in the CHIT1 expression level in vivo, supporting the idea that CHIT1 activity cannot be used to monitor progression of atherosclerosis [89] .
Inflammatory Bowel Disease
Inflammatory bowel disease (IBD), including ulcerative colitis and Crohn's disease, are a group of chronic inflammatory disorders that affect individuals throughout life. Dysregulated host-microbial interactions play an important role in the development of IBD [93] [94] [95] [96] . In humans, the large intestine is colonized by a huge amount of commensal bacteria, which are predominantly anaerobic bacteria, and many of them are unable to be cultured using standard microbiological techniques [96] . In general, the composition of the commensal bacterial flora is altered in IBD patients, with increased populations of aggressive and detrimental bacteria, including Bacteroides, adherentinvasive Escherichia coli (AIEC), Eubacterium and Peptostreptococcus species, Fusobacterium varium and intestinal Helicobacter species [96, 97] . In fact, some potentially pathogenic bacteria in normal microflora, including AIEC and Bacteroides species, are likely to be strongly associated with the initiation of intestinal inflammation, particularly in Crohn's disease [96] [97] [98] .
Recently, our group has identified that CHI3L1 is actively produced by colonic epithelial cells and lamina proprial macrophages under inflammatory conditions [28, 29] . We have demonstrated an unexpected role for CHI3L1 in enhancing bacterial adhesion and invasion on/into colonic epithelial cells. As we described in the above section, CHI3L1 is characterized by a strong binding affinity to chitin without enzymatic activity to degrade it [99] . Healthy individuals do not synthesize CHI3L1, but a significantly increased levels of CHI3L1 is observed in the serum and colonic tissues of patients with IBD as well as colon cancer. Therefore, CHI3L1 is a very reliable biomarker and indicator for these diseases.
Enzymatically active AMCase is detectable in the gastrointestinal tract of both mouse and man [100] . It has been previously reported that CHIT1 is distinctly expressed in the gastrointestinal tract in mice, while the expression is observed almost exclusively in phagocytes in man [100] . However, both CHI3L1 and AMCase are strongly expressed in both macrophages and epithelial cells [28, 101] , and therefore we hypothesized that CHIT1 might be also expressed in not only phagocytes but also colonic epithelial cells. We found that CHIT1 is actively produced by mucinproducing cells in the colon of healthy individuals as detected by immunohistochemical analysis using rabbit antihuman CHIT1 polyclonal antibody (Epitomics, Burlingame, CA) (Fig. 1A) . In contrast, the expression was significantly downregulated in the colon of patients with active ulcerative colitis (Fig. 1B) as compared to normal individuals. Therefore, here we predict that CHIT1 production must be a very important factor in regulating the intestinal homeostasis in normal conditions by digesting the chitin-including organisms (pathogens), and the reduction of this enzymatically active chitinase may be closely associated with the development and/or exacerbation of colonic inflammation. Further intensive investigations will be necessary to give proof of the possibility.
CHIT1 in Cancer
Golab et al., recently reported that the CHIT1 activity in the serum of patients with lung cancer and with inflammatory exudate was a useful parameter in differentiation between lung cancer and inflammation [102] . They found that there were slightly elevated CHIT1 activities in patients with lung cancer as compared to patients with lung inflammation or normal individuals. However, treatment with corticosteroid decreased these levels significantly. This result indicates that CHIT1 activity can be used to differentiate between inflammation and cancer in the lung, as well as disease progression [102, 103] .
Prostate cancer is the most frequently diagnosed non-skin cancer and the second highest cause of cancer death in men. Therefore, screening for prostate cancer at an early stage is important for disease treatment. When CHIT1 activity was compared in both benign prostatic hyperplasia and primary prostate cancer to determine whether this could be a marker of disease activity and for screening purposes, it was found that CHIT1 activity was significantly increased in benign prostatic cancer patients. In primary prostatic cancer patients, high CHIT1 activities were observed only in patients with high Gleason scores, which has been most widely used diagnostic method of prostate cancer tissue. The correlation between Gleason scores and CHIT1 activity indicates the importance of macrophage involvement in cancer progression. This indicates that CHIT1 may have a role in the progression of cancer to the malignant state. Macrophage produced factors play a critical role in cancer progression through paracrine signaling pathways and/or through destruction of extracellular matrix, which enhances invasion and metastasis [104] . In another study, CHIT1 expression was seen in some primary carcinomas; however, the levels were lower than those observed in inflammation-associated pre-neoplastic tissue were. As a result, it can be seen that induction of CHIT1 occurs because of inflammatory processes, and mammalian chitinases may be important therapeutic targets to limit the development of inflammationassociated carcinogenesis as well as autoimmune disorders [105] .
CONCLUSION
Both enzymatically active and inactive mammalian chitinases play highly important roles in the pathogenesis of chronic inflammation as well as allergic reactions. Enzymatically active CHIT1 is also associated with several diseases, which are associated with macrophage activation. Some human diseases discussed in this review strongly support the dual and conflict roles (regulation and progression) of CHIT1 during the development of inflammatory and/or infectious diseases. The overall effects of CHIT1 seem to be dependent on many factors, including the stage of inflammation and the specific cell types and organs involved. In addition, distributions and expressions of CHIT1 are also highly distinct. Further studies will enable us to understand the importance of this novel chitinase during the development of inflammatory disorders, infectious disease and solid tumors.
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